Incidence rates of bacteraemia and catheter-related infections were measured prospectively amongst haematological patients having long-term catheters and hospitalised in the ambulatory care unit between November 2005 and October 2006. The following risk factors were collected: age, sex, catheter type, follow-up duration, level of personal hygiene, pathology, number of lines of treatment, autograft and erythropoietin treatment.
The most common infections in haematological patients are bacteraemia and catheter-related infections. These infections, which could result in catheter removal or compromise ongoing treatment, can give rise to significantly increased mortality risk amongst affected patients. It is therefore important to identify frequency and risk factors in order to promote suitable prevention measures. The epidemiology of these infections has often been studied [1] [2] [3] [4] [5] [6] [7] , but usually for hospitalised patients, followed in conventional units, or for paediatrics patients. So, few studies on ambulatory patients exist [8] [9] [10] [11] , in spite of the increasing numbers of haematological ambulatory patients.
Overall, published studies have shown a lower rate of infection with implantable ports, coherent with the increasing use of this mode of central venous access, which furthermore allows a better quality of life for the patient [12, 13] . This study was performed to determine the frequency of infections occurring amongst haematological ambulatory patients, with Groshong-type catheters or ones with totally implantable ports, during a one year follow-up period, in order to assess the frequency and to evaluate both opportunity and feasibility of survey in a given population. No distinction was made between hospital-acquired infections or infections acquired outside the hospital, due to the lack of means to make this distinction.
Method
Objective: Measurement of bacteraemia and central venous catheter infection incidence rates and cumulative incidence rates on ambulatory patients with long-term catheters during a one year followup period: All patients with central catheters, hospitalised at the haematological ambulatory care unit of the Centre Hospitalier Lyon Sud (France) between the 1st of November 2005 and the 31st of October 2006 were included prospectively. Patients were identified and followed during their stay. The catheters in use in the service were those with implantable ports from different manufacturers and Groshong catheters, which include a valve and are used without heparin [14] . Catheters are inserted in the unit or by other centres, and maintained accordingly to the French consensus (http://www.srlf.org/Data/ModuleGestionDe Contenu/PagesGenerees/Bibliotheque%20-%20 Referentiels/Referentiels/Recommandations/CC/ 333.asp). The same, written procedure was available locally during the entire period, concerning insertion, diagnosis of infection, maintenance or dressing.
A questionnaire was completed for each catheter. Infections were defined, accordingly to the French consensus (previously cited) as follows: A case was classified as a catheter-related infection if the patient had purulent discharge at the puncture, lymphangitis or positive quantitative blood culture (number of bacteria/ml 5 times or higher by puncture of catheter than by direct puncture), thereby attesting a catheter-related infection, with or without catheter microbiological examination confirming catheter colonisation. Catheter colonisation was defined as a count of more than 100 colonies by plate using the semi quantitative technique. A case was classified as bacteraemia if the patient had one or more positive peripheral blood cultures, considered as significant (1 or more positive bottle for pathogenic microorganisms and 2 or more positive bottles for saprophytes).
The clinical data were collected by the haematologist physician, with the help of the nursing team, and microbiological data were collected by the physician of the Hygiene and Epidemiology Unit (HEU) using microbiological laboratory software. All possible infections and positive samples were discussed. The data collected for each catheter were as follows: identity of the patient, date of birth, sex, type of catheter, insertion and ablation dates, ablation pattern, level of personal hygiene, pathology and, in the case of lymphoma, its type, date of diagnosis, number of lines of treatment, one or more autograft, episodes of infections (catheter-related infection or bacteraemia), catheter colonisation and microorganisms. The frequency, the conditions and the type of use (only perfusion or sample and perfusion) of catheter access were not collected, because extra hospital data were not available. Each criterion was subject to prior classical definition. The level of personal hygiene was defined according to the clean or dirty aspect of hands, clothes, hair, nails, at the time of inclusion. This scoring definition comes from a French network surveying catheter-related infection in dialysis (http://cclin-sudest.chulyon.fr/Reseaux/Dialin/Outil Dialin/2009/guide recueil2009.pdf). No specific ethical committee assessment was required for this observational study. No specific grant was required for the study. Data input and analysis were carried out by the HEU, using SPSS V12. Univariate analysis of potential risk factors was performed using the Mantel-Haentzel 2 test for discrete variables and the t test or an analysis of variance for continuous variables. Incidence rates were compared using a Z test. The survival rate without catheter-related infection or bacteraemia was studied using a multivariate analysis using a Cox model incorporating the duration of follow-up and other significant risk factors P < 0.20 in univariate analysis. 
Results
Three hundred and forty patients and 353 catheters were included. Thirteen patients were observed for 2 successive catheters. One hundred and ninety five catheters were fitted on men and 158 on women.
The study included 253 implantable sites, followed during a total of 51,049 days and 100 Groshong catheters followed during a total of 17,621 days. The mean duration of catheters before inclusion was 202.5 days for implantable sites and 178.9 days for Groshong catheters (P = 0.058). Most of the patients had a lymphoma (241 catheters). The pathology of patients is presented in Table 1 . During the study, 31 bacteraemia were noted (including 15 in connection with catheter and 16 of other origin) and 33 catheter-related infections. Catheter-related infections were 6 times more frequently observed in patients with the Groshong catheter, while the cumulative incidence of bacteraemia was similar in both types of catheters. Frequency of infections is presented in Table 2 . The duration of use of the catheter being directly linked to the frequency of infections, the incidence of these infections per 100 days of follow-up allows a better comparison between the different types of catheter for the various clinical situations. This comparison (see Table 2 ) shows that for 100 days of monitoring, the frequency of infection was higher amongst patients with the Groshong catheter: 0.13 catheterrelated infections and 0.07 bacteraemia were observed, whereas 0.02 catheter-related infections and 0.04 bacteraemia were observed amongst patients with an implantable port. Differences in catheter-related infections are statistically significant. Nevertheless, no significant difference was found concerning catheter-related bacteraemia. Due to the difference in incidence, an analysis of risk factors was conducted separately by type of catheter. For infections seen in patients with the Groshong catheter (Table 3) , the only factor significantly related to a greater risk of infection was lymphoma. When comparing the different types of lymphomas, the difference was not significant, but the number of cases involved was relatively few. No difference was found concerning the mean duration of catheters before inclusion between infected and non infected catheters. For patients with an implantable port, the lymphoma was not associated with more frequent infection. By contrast, treatment with erythropoietin was significantly associated with a higher infection rate (see Table 3 ). No difference was found concerning the mean duration of catheters before inclusion between infected and non infected catheter. The risk factors in this study are probably multiple and interrelated. They were included in a globally unique multivariate model to try to make the study results as potent as possible and to take into account both the duration of monitoring and the factors contributing to the onset of infection. An analysis with a Cox model was produced by introducing all potential factors (P < 0.20 in previous univariate analysis). This analysis, presented in Table 4 and illustrated in Fig. 1 , shows a significant independent effect of the type of catheter on the incidence of catheter-related infection. No other factor was significant (age, gender, level of personal hygiene, pathology (see Fig. 1 ), number 
Discussion
Infection was an uncommon event in this population: patients having a Groshong catheter presented about 2 infections per 1000 days of follow-up (2 out of 3 being catheter-related infections and 1 out of 3 bacteraemia), and patients with implantable sites less than 1 infection per 1000 days (as many catheter-related infections as bacteraemia). Factors typically associated with most frequent infections were found, but all are not statistically significant, either for reasons of sample size or large numbers of missing values (level of hygiene, for example). But as each infection could be fatal to a haematological patient, it is very important to aim for the lowest possible infection rate. To ensure this, the rates found during the study were compared with published data. The risk of infection with Groshong catheters is similar to that with other long duration catheters, such as Hickman's or Broviak's [15] . The rates encountered in the study are comparable to those found in the literature for this type of outpatient. In 2004 [8] , the results published by Pracchia et al. were comparable, showing an even larger difference in infection rates between the two types of catheters and infection rates comparable to those observed in this study. Implantable ports presented an infection-free survival rate of 97% after 1 year, similar to this study. A previous study conducted at our hospital on implantable ports only [16] , in 2000, measured 0.4 infections per 1000 days in patients originating from all specialities (oncology, haematology, and patients affected with cystic fibrosis). The microorganisms are very similar to those observed in other studies in haematology [2, 17] . These differences between implantable ports and catheters are largely found in other studies [7, 18] , and are often also observed for bacteraemia in hospitalised patients [7] . These rates are lower than those reported amongst hospitalised patients. For example, in 1999, Albo Lopez et al. [6] , observed 7.1 infections/1000 days with the Hickmann catheter, compared to 1.5 infections per 1000 days on catheters with implantable ports. The difference in infection risk is commonly used as an argument against the use of Groshong catheters, but this difference seems limited to local infections. This point and the easier insertion and removal of Groshong catheter should perhaps be taken into account in choosing the most suitable catheter.
What, then, are the high risk situations giving rise to infection?
If global rates are similar to published rates, perhaps it would be possible to detect differences in risk factors to identify new prevention targets. The risk factors studied extensively in the literature are found partially here: The patient's disease is the first example. Lymphomas were found to be more often associated with infections, in relation to the specialty of the unit. Indeed, acute leukaemias are usually more at risk [1, 17] but these patients are not widely supported in the ambulatory care unit. Factors such as treatment with erythropoietin or autograft [17] appear associated with a higher risk of infection, probably because of their association with higher levels of chemotherapy. The type of chemotherapy was not recorded in this study, although the choice of treatment is multi faceted, of which infectious risk is only one consideration. Erythropoietin and growth factors have limited the level and duration of aplasia, which is classically a significant factor [2, 19] , but the benefit of these factors has largely now been realised and further benefit is not expected.
The level of a patient's personal hygiene was the subject of an essay collection, but this factor could not be considered because of large numbers of missing values. Training patients to use their catheter well and have good personal hygiene is a major concern for the unit [20] , but it is impossible to verify that each patient has been correctly informed about this, and properly respects the given instructions, especially when the catheters have not been fitted in the facility. Patient education is identified as a possible target for better prevention, as witnessed by its effective introduction in other hospitals [20] .
A major limitation of this study relates to missing information: exact date of introduction, information given to the patient concerning the catheter, level of personal hygiene, the patient's ability to understand information, catheter use and incidents outside the establishment. This point limits possible pertinent comparisons, but ambulatory patients also require monitoring of infectious events, adapted to their specific circumstances. Classic surveillance did not appear to be the best method of study for the ambulatory care unit, because of the high workload associated with it. Refocussing is planned on a method of analysis based around ''critical points'' for specific cases of reported infections, combined with improvement in some aspects of care organisation. A detailed review of the records of all infected patients identified during the surveillance was conducted to identify additional risk elements (pathology, treatment, reference of catheter, care and information). It demonstrated an important failure concerning traceability in medical records. A permanent single point of monitoring questionnaire for catheters was found to be useful, because of data which had hitherto been dispersed or missing. It was introduced after this study.
At the end of this year of surveillance, it could be confirmed that, while infection rates were not high enough to be a major concern, neither were they so low as not to warrant attention. The study and its review helped indicate possibilities to enhance monitoring and prevention. Security and hygiene information given at the beginning of patient treatment should then be repeated, and noted so in the records. Patient awareness and training, currently only carried out at the beginning of care should be repeated, with better track records being kept. Simultaneously, a procedure to investigate each infected patient has been defined to allow better follow-up of the quality of care.
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